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Guide for Conducting Statistical 
Comparisons of RFVRI Data and Background Data 

At the Rocky Flats Plant 

General 

This document is intended to provide guidelines for OU to background comparisons of data, and 
to explicitIy discuss approaches to the issue of determining OU-specific contamination. 
This document generally follows the "strawman" presented to CDH and EPA, which discussed 
implementation of Dr. Gilbert's recommended approach for making OU to background 
comparisons. 

Based on comments received on the Draft OUl RFURI, as we11 as discussion with CDH, EPA, 
and others, it is important to establish a common approach leading to a common list of possible 
contaminants for each OU. To this end, the Figure GE\?ERAL APPROACH TO 
D E W G  "CONTAMINANTS" was developed. In this general technique, a "Tool- 
Box" approach utilizing Dr. Gilbert's recommendations is employed to arrive at one common 
list of contaminants for each OU (or subdivision), for aIl functional aspects of the RFIIRI and 
CMSIFS. 

As  indicated, several disciplines such as the Human Health or Ecological Risk Assessors and 
Regulatory specialists may pare the list of contaminants to "Contaminants of Concern" (COCs) 
based on factors germane to their application (e.g., toxicity). 

The text below follows TASK 4: FLOWCHART FOR COMPARING OU DATA TO 
BACKGROUND. 

Start  

Determine Backwound and OU Tarpet Pouulations 

Appropriate geographical, geological, and temporal data sets will be defined for comparison. 
This is essentially a matching exercise so that Site (OU) data sets are comparable to background 
sets. Consideration will be given to issues such as: 

Geologic materials 
Hydrostratigraphic unit 
Temporal comparability (waters, air, etc.) 
Sample size for statistical tests 
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Confidence in gedhydrologic regime determination 

The objective here is to select, as fitting as possible, data sets that permit comparison and 
hypotheses testing. The test variable is "impact of Rocky Flats waste-related activities on 
environmental media". Thus, other potential sources of variability (e.g., geologic materials) 
should be as closely matched as possible. Tables that cross-reference site media to background 
media will be'provided. 

Set DOO's 

Data Collection and Validation 

Under current IAG schedule conditions, analytical data will not be 100% "validated" when the 
background comparisons are made in each draft report. The potential impacts of using non- 
validated data will be discussed on a case-by-case basis. 

Data Presentation 

Several data presentation techniques were identified by Dr. Gilbert as appropriate for different 
conditions. To perform them all for all compounds in a standard full suite is not necessary 
when it is clear from a preliminary review that the vast majority of data points for some 
compounds are entirely or almost entirely non-detects. 

Accordingly, we have refined the methodology as follows: 

Box plots will be used when the percentage of non-detects is 50% or less. 

Histograms will also be used when the percentage of non-detects is 50% or less. Bars 
in the histogram will be shaded to indicate the percentage of detects and non-detects 
within each bar interval. 

Probability plots, ordered listings, and other graphics will be used as appropriate. 

As indicated by the OU1 process, visual presentation of the data is important. Interpretable 
graphics will be produced to the extent that they facilitate analysis. In general, graphics will be 
a central feature of analysis. 

BACKGROUND COMPARISON METHODOLUGY TOOL BOX APPROACH 
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Employing: Bounding-Benchmark Comparison (Hot Measurement), Inferential Statistics, and 
Professional Judgement 

General 

The tool-box approach employs a bounding-benchmark comparison, inferential statistics, and 
professional judgement. This approach was forwarded in the OU1 comment-resolution process, 
endorsed by Dr. Gilbert, and is widely applied in the hazardous waste industry and 
environmental business across America. It employs a " weight-of-evidence" framework wherein 
all three aspects are factored into the determination of what is a Site (OU) contaminant. 
Statisticians will be used to verify that the methods used are correct. 

Bounding Benchmark Comparison "Hot Measurement Test" Commnen t 

o A hot-measurement test will be performed that will compare each analyte concentration 
to an upper-limit value for that analyte. 

0 The measurement level will be the value at which there is a 99% confidence that 99% 
of the background distribution will be below this value (UTI+/%). If the mIw cannot 
be calculated or reasonably estimated, then geochemical standards and professional 
judgement will be used. The resulting geochemical interpretation of data will be subject 
to Agency review and approval. 

o The UT&,w is required instead of a toxicity-based value because the a single list of 
potential contaminants must be used by many disciplines (Human Health, Ecological, 
Regulatory, etc.,) to ensure consistency across the RFI/RI and CMS/FS Reports. The 
subjective nature of what is "hot", as well as toxicity and ARAR considerations, will be 
dealt with by the specialists who determine COC's specific to their discipline. See the 
Figure UPPER TOLERANCE L M T S  BY GEOLOGIC UNIT for a comparison of 
UTL's and Human Health Toxicity-based "Hot-Measurement" values. 

0 In addition to ensuring that high concentrations do not get overlooked, the UT&,w is an 
important tool for identifying locatiois of suspected elevated concentration in the nature 
and extent section. 

0 Credence will be given to the UTL,,, background values by comparing them to 
literature values. Normally, a UTI.+/99 should compare with a cited "high-end-of-range" 
value from the literature. A UTh,,,, above the literature range should be used with 
skepticism, as should a value that is well below the high end of the range documented 
in the literature. 
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Background Comparison Using Inferential Statistical Methods 

Based on Dr. Gilbert's work, the following inferential statistical tests will be used to compare 
background data sets to data sets compiled at the Operable Units (OUs). These data sets will 
be compiled and compared by analyte, and by the correct background data set (i.e., colluvium, 
alluvium, alluvium + colluvium, surface soils, etc. [See Determine Background and OU Target 
Populations]). 

It should be noted that Dr. Gilbert's recommendations establish a framework that emphasizes 
using the most appropriate test available. Thus professional judgement will be necessary both 
in application of inferential tests, as well as their interpretation. Additionally, within the 
framework of a battery of tests drawn from a "tool box" of methods, it is requested that EPA 
and CDK remain open to consultation on the use of other tests as appropriate. 

The results of all tests (hot-measurement, inferential) will then be evaluated in light of 
professional judgement. This precess is depicted on the figure BACKGROUND 
COMPARISONS METHODOLOGY. 

If hot-measurement or inferential statistical tests show that the concentration of a given analyte 
in the OU data set is not greater than the concentration in the background data set, and if 
considerations in the professional-judgement arena do not override, then the analyte is considered 
not to be a contaminant. 

If either the hot measurement test or at least one inferential statistical test shows that the 
concentration of a given analyte in the OU data set may be greater than the concentration in the 
background data set, then professional judgement (using temporal and spatial analysis, as well 
as pattern-recognition concepts) is again applied to see if the analyte concentrations in the two 
data sets are actually different. 

After the hot-measurement test and prior to the use of statistical testing, the issue of non-detects 
must be dealt with for all tests except the Gehan test, which can be applied with non-detects 
present. For all other tests, nondetects should be replaced with a value of 0.5 times the 
applicable detection limit, following EPA guidance (Statistical Analysis of Groundwater 
Monitoring Data at RCRA Facilities, Addendum to Interim Final Guidance, July 1992), but 
realizing the performance of simple substitution decreases with an increasing proportion of non- 
detects. 

As  addressed in a draft proposal to DOE, memo 93-RF-13945 (FOLLOWUP TO RESPONSE 
TO TREATMENT OF NONDETECTS-NMH-585-93) dated 11/12/93, the handling of non- 
detects, and the presence of multiple detection limits in the W E D S  data base, requires the use 
of good professional judgement along with the general guidance offered here. The use of 
graphical displays of data will assist in the handling of high-value non-detects. 

A discussion of detection limits will be given at this point. 
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Gehan Test or NonDarametric ANOVA Test 

o The Gehan test is a nonparametric test and can be used when multiple detection limits 
are present. The Gehan test will be applied without replacing non-detects. These are 
the principal favorable attributes of the Gehan test. 

o Standard nonparametric ANOVA tests (Wilcoxon Rank Sum and Kruskal-Wallis) are 
widely used in environmental assessment, and are discussed in EPA guidance (Statistical 
Analysis of Groundwater Monitoring Data at RCRA Facilities, Addendum to Interim 
Final Guidance, July 1992). These tests require replacement of non-detect values, either 
by simple substitution or maximum-likelihood methods. 

o For the Gehan or nonparametric ANOVA test, a p-value will be generated and p-values 
that are equal to or less than 0.05 will normally be considered indicative of a significant 
difference from background. Statements of the test and null hypotheses will be given, 
in both mathematical and narrative terms. 

Ouantile Test 

o The quantile test is also a nonparametric test and can be considered as a rapid screening 
test. 

o Due to limitations in the quantile test, the test will only be used if the largest 20% of the 
combined background and site data are detects. 

0 A p-value will be generated and p-values that are equal to or less than 0.05 will indicate 
a significant difference from background. Statements of the test and null hypotheses will 
be given, in both mathematical and narrative terms. 

Slippaee Test 

0 The slippage test is a nonparametric test and can be considered as a rapid screening test. 

0 Due to limitations in the slippage test, the test will possibly not be used if the largest 
background value is a non-detect. If the lzrgest background value is a non-detect, then 
professional judgement will be applied to determine whether or not the slippage test is 
applicable. 

0 A p-value will be generated and p-values that are equal to or less than 0.05 will indicate 
a significmt difference from background. Statements of the test and null hypthesss will 
be given, in both mathematical and narrative terms. 
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T-Test 

o The t-test is a parametric test and is very commonly used when testing the difference 
between means of two data sets. 

o Due to limitations in the t-test, the test will be applied in cases where both background 
and OU data are normally or log-normally distributed, and less than 20% of the 
background and OU data are classified as non-detects. 

o A p-value will be generated and p-values that are equal to or less than 0.05 will indicate 
a significant difference from background. Statements of the test and null hypotheses will 
be given, in both mathematical and narrative terms. 

Due to their wide use in statistical applications, including regulatory settings, it is possible that 
ANOVA (parametric and non-parametric) tests may qualify as the most appropriate tests, 
notwithstanding their limitations with non-detects and multiple detection limits. DOE and its 
contractor shall confer with EPA and CDH, and seek regulatory assistance prior to the use of 
these tests, and any other tests deemed applicable, as appropriate. For example, see the attached 
Figure 1-2, SELECTION OF STATISTICAL METHOD FOR COMPARISON OF 
BACKGROUhTD Aril) KONBACKGROUND POPULATIONS, from the 1993 Background 
Geochemistry Report. 

Professional Judyement 

The following general guidelines will be used individually and collectively, in conjunction with 
the above comparison and statistical "tools" to ascertain if a reported analytical detection(s) 
constitutes contamination at the OU. When professional judgement is applied, documented and 
defensible evidence will be furnished, and DOE will bear the "burden of proof". 

o Spatial distribution of analytes above background are or are not indicative of 
contamination due to waste-related activities at the OU. Spatial plots, interpreted in a 
source-to-receptor conceptual model, in addition to compound-specific mobility 
considerations, generally assist in interpretation of inconclusive results. 

0 Temporal distribution of analyte concentrations at a sta;ion indicates the "high" value(s) 
is(are) outlier(s). Time-series plots at wells or surface-water locations can generally be 
used to link apparently insignificant outlier reports to seasonal or hydrological 
phenomena, and vice versa. 

0 Other associated analytes are determined not to be contaminants in the sample or at the 
station. Then this may be added to cumulative evidence ("burden of proof") that the 
analyte in question is not a potenrial contaminant of concern. Pattern recognition 



7 

concepts are useful in identifying anomalies as well as confirming "fingerprint" 
associations. 
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UPPER TOLERANCE LIMlTs BY GEOLOGXC L j j  

GROUNDWATER, D 

ANALME 

ALUMINUM 
ANTIMONY 
BARIUM 
C4OMIUM 
CALCIUM 
CHROMIUM 
COPPER 
IRON 
UTHIUM 
MAGNESIUM 
MANGANESE 
MOLYBDENUM 
POTASSIUM 
SELENIUM 
SILVER 
SOOIUM 
STAONTIUM 
TIN 
VANADIUM 
ZINC 

ALUMINUM 
ANllM0:W 
SkRIUM 
CADMIUM 
C A L C  u M 
CHROMIUM 
23PPE2 
RON 
IAD 
JTHIUM 
biAGNESIUM 
GNGANESE 
AOLYBDENUM 
JICKF! 
'OTASSIUM 
;iLVi3 
;ODIUM 
iTROKnUM 
HALUUM 
'IN 
'ANAOIUM 
3NC 

iOLVED METALS 

GEOLOGIC SAMPLE PERCENT STANDARD LAST YEAR'S 
UNIT StzE N OmCTS MEAN OEVlATlON 99/99 Lm 9 5 1 9 5 W  1OOa'RBC UNm 

COL 
COL 
COL 
COL 
COL 
COL 
C 3 L  
C 3 L  
C 3 L  
COL 
C3L 
COL 
e31 
C 3 L  
COL 
COL 
C3L 
CGL 
C 3 L  
COL 

35 
33 
34 
34 
35 
32 
33 
34 
34 
31 
3s 
33 
3 
32 
31 
3 
31 
31 
32 
35 

71.U 
33.33 
79.41 
23.53 
1w.00 
28.12 
56.36 
61.75 
88.24 

1m.w 
74.29 
4242 
84.85 
6250 
25.81 
1w.w 
97.06 
41.94 
65.62 
7442 

59.18 
14.84 
n.05 
1.97 

5.87 
508 

46.38 
1227 

2C.479.41 
32-10 
19.35 

2086.26 
17.40 
3.22 

98.45.L.29 
701.68 
44.01 
8.17 

11.3 

96.314.29 

49.50 
9.50 

39.03 
1.67 

34.5590 
5.93 
4.20 

79.70 
84.53 

10.6 10.71 
2.69 
32.15 

1.9U3.98 
4289 
281 

64.52231 
374.80 
6259 
7.85 

10.M 

224.21 
46.92 
207.99 

7.57 
210.868.89 

26.03 
1927 

3t3.70 
m.30 

56,070.91 
161.12 
127.87 

8.513.03 
l a 1 2  
1284 

313.S94.25 
1.959.08 

258.1 6 
34.w 
6 . 7 8  

229.7 
51.25 
199 

ts' 

265.9 
2618 

78.665 
747.01 
60.68 
17.187 
19.96 

584.414 
5.421.7 

15.94 
50.22 

15.000 
2600.000 

3 7 . m  

18O.oOo 

5.1oO.oM) 
180.000 

160.000 
180.030 

22ooo.m 
22ooo.ooo 
260.000 

1 1 . m . m  

uG/L 
UG/L 
UGlL 
UGiZ 
UG;L 
UGiL 
UG'L 
UGiZ 
UG'L 
UGR 
UGlL 
UGiL 
UG'L 
UGiL 
U GiZ 
UG;L 
UG'L 
UG'L 
U G L  
UGlL 

RFA 
E FA 
EFA 
;FA 
;FA 
:FA 
EFA 
;FA 
RFA 
EFA 
EFA 
RFA 
EFA 
RFA 
RFA 
RFA 
R FA 
KFA 
E FA 
FiFA 
RFA 
RFA 

lo.( 
113 
! 12 

1 07 
i i3  
113 
112 
::3 
1Il 
1C9 
I12 
114 
106 
106 
I10 

lo5 
112 
112 

92 
1M 
111 
113 

75.00 
49.56 
s.3 
243 
iM.W 
41.59 
a. 75 
7 5 . 9  
24.52 
68.81 
91.96 
52% 
3x5 
a.79 
79.09 
29.57 
9 9 2 1  
€5.61 
21.74 
4l.w 

0216 
79.65 

m.23 
18.27 
/ L G 2  

1.56 
27,C&,53 

-e - 

L.€6 
4.79 

70.23 
1.40 

12E8 
4.266.21 

6.17 
19.37 
7.66 

925.94 
275 

i.EG221 
13273 

1.68 
29.72 
8.36 

15.m 

125.53 
:296 
L-,-O 
1.i3 

!€ .Xi .% 

I. E 

-.e 
-.A 

L.13 
:57.23 

3.01 
77.16 

1.359.27 
:5.01 
3 . i 3  
7.5 

7C5.61 
1.84 

i.7a0.42 
S1.M 
1.64 

3.m 
9.95 

19.83 

361.61 
q.61 

lZ.29 
4 . s  

:2ca 
i:.a 

G6.62 
8.41 

a i . x . c a  

53.i2 
7.L56.M) 
1121 
58.M 
2549 

2570.48 
7.11 

11.657.40 
%.E9 

5.50 
1C8.98 
31.54 
61.68 

229.7 
51.25 

255.9 

1248 

60.m 

LO.591 

47.89 
1534 
50.22 

.. Exampie P.8C.s for iilumznon of Re yptcai rangeof a iGEr3 RBC. 
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UPPER TOLERANCE LIMI?s BY GEOLOGIC "1T 
GROUNDWATER. DISSOLVED METALS ( C O W  

ANALYlE 

ALUMINUM 
ANTIMONY 
BARIUM 
CADMIUM 
CALCIUM 
CESIUM 
C H R 0 MI U M 
COBALT 
COPPER 
IRON 
LEAD 
UTHlUM 
MAGNESIUM 
MANGANESE 
MOLYBDENUM 
NICKEL 
PHOSPHORUS 
POTASSIUM 
SELENIUM 
SILVER 
SODIUM 
STRONTlEM 
THAL!JUM 
nN 
VANADIUM 
ZINC 

4LUMINUM 
4NTIMONY 

XLCIU tr( 
XSIUM 
:HROMIUM 
:OPPCR 
RON 
€40 
RHIUM 
AAGNESiUM 
AANGANESE 
AOLYBOENUM 
K K E L  
'OTASSIUM 
;ELEN I U M 

;ODIUM 
,;TIONTIUM 
FALLIUM 
1N 
ANADIUM 
INC 

j;\aiuM 

iILVER 

LASTYEAR'S GEOLOGIC SAMPLE PERCEM STANDARD 
UNIT SIZE N D E T E C f S  MEAN DEVLATlON 99/99 UR 95195vn?r 1000'RBC UNm 

M A  
VFA 
M A  
VFA 
VFA 
VFA 
M A  
VFA 
M A  
VFA 
VFA 
VFA 
VFA 
VFA 
VFA 
VFA 
VFA 
VFA 
VFA 
VFA 
VFA 
VFA 
VFA 
M A  
VFA 
VFA 

74 
69 
74 
67 
74 
62 
72 
63 
71 
74 
74 
73 
73 
73 
70 

4 
i5 
66 
68 
74 
72 
63 
72 
72 
74 

70 

a 4 3  
52.17 
8649 
2229 

1w.00 
27.42 
jo.56 
24.62 
58.03 

25.68 

9725 
71.23 
34.29 
39.57 

100.00 
M.00 
34.a 
29.41 

1w.00 
97.22 
2357 
6 8 3  
70.83 
E2 a 

a243 

78.08 

5zm 
16.63 
98.78 
1.71 

61.597.97 
266.67 

4.27 
5.93 
5.04 

47.94 
1.16 
22.36 

5i.72 
16.44 
5.37 

178.75 
1.455.52 

3-98 
281  

3.841.22 
37631 

1.60 
27.5  
7.c3 

:t.10 

12670.1 4 

35.51 

?.5.53 
1.14 

30.967.01 
415.61 

3.40 

4.67 
50.37 
1.34 

2293 
6.554.47 

97.91 
31.55 
6.36 

745.03 
10.30 
2 2 1  

1 6286.12 
2m.32 

1.55. 
28.07 
7.22 

16.73 

8.82 

8.12 

31.85 

169.11 
43.47 
20621 

5.18 
155.768.65 

1,530.55 
14.62 
30.63 
1923 

201.11 
5-24 
M09 

3265227 
355.47 
11237 
25.72 

573.25 
3.721.17 

3.30 
9.53 

83.3S7.31 
1.coO.97 

6.32 
1:ZW 
21.98 
63.99 

z29.7 
51.25 15.000 
214.2 2630.000 

37.000 
156.795 

265.9 

180.000 

145.99 
cw9a.9 
2791.6 5.1oo.ooo 
60.68 180.000 
20.69 730.003 

5.390.8 
180.coO 
1Bo.CCO 

148.389 
2925 ~ f o o . o o o  

,329 z.cu3.m 
15.ss :50.05 
50.2 1 l . C ~ . c O o  

UGA 
UGA 
UGn 
UWI. 
U G A  
UGA 
UGiZ 
UGiL 
UGA 
U G I  
UG/L 
UGR 
UGiZ 
UGZ 
UG,z 
UGiL 
U G I  
UGA. 
UG/L 
U G I  
UGlL 
U G;L 
UGL 
UGiL 
U G"L 
U G L  

WCS 
WCS 
w CS 
WCS 
"CS 
WCS 
WCS 
WCS 
WCS 
WCS 
WCS 
"CS 
WCS 
WCS 
WCS 
WCS 
WCS 
WCS 
W C S  
W C S  
WCS 
"cs 
W G  

11 u 

2-3 
34 
3.: 
27 
3 
22 
31 
33 
34 
34 
33 
72 
31 
2.4 
30 
3 
33 
31 
23 
52 
34 

34 

e122 
51.52 
222-5 
lw.w 
25.93 
36.36 

28.12 
76.47 
27.27 
76.47 
lw.w 

C' c z  

43.75 
zL58 
e225 
60.03 
29.a 
1w.w 
lw.w 
21.3 
s . 7 5  
%E2 
6-5.29 

- 4 . -  

49.23 
17.84 
s3.57 

174.3 
5.M 
5. s 

37. w 
7.97 

322 
12560.29 

29.19 
2733 
6.99 

1.933.82 
10.04 
2 9  1 

40.293.94 
ASl.79 
1.79 
29.92 
8.11 

12.34 

58.676.47 

28.70 
9.E8 

4223 
25.71.24 
1s5.a 

3.42 
5.17 

43.56 
33.4 
55.m 

8.M9.66 
91.a  
4Q.01 
7.49 

16.91 
1.97 

55.1 M.62 
m.66 

1.60 
3207 
a.41 

i9.41 

878.64 

145.14 
50.52 

z2.x 

66525 
16.57 
E325 
183.75 
14.93 

22289 
sO.CQ6.36 

23.48 

163.76 
3253 

4.88'1.04 
a.30 
9.66 

226.549.32 
1,723.31 

6.M 
13.87 
x.53 
78.43 

148.675.25 

m . 7  
5125 15.00 
217.8 25oo.m 

2?5.219 

455.9 

1EO.m 

197.23 
66.2-% 
1128 5.100.00 
€0.63 l W . W  

73O.wO 
7.240 
a.23 fP0.030 

18o.W 
197 .m 

3.242 22w.m 

S . E 9  z.rxn.Oo0 
15.94 203.cm 
50.22 11.w.m 

' J G L  

L'GiI 
UGiL 
UG/L 
UGX 
UG;L 
UGtI 
UGL 
U G I  
U G;L 
UG;L 
UG.% 
UG;L. 
U G L  
UG'L 
UGL 
U G I  
UGA 
U G I  
UGi"' 
UGtI 
U G L  

UGL 



GWFM 

UPPER TOLERANCE LIMITS BY GEOLOGIC UhT 
GROUNDWATER, DI! 

A N A L Y E  

ALUMINUM 
ANTIMONY 
ARSENIC 
BARIUM 
CADMIUM 
CALCIUM 
CESIUM 
CHROMIUM 
COPPER 
IRON 
LEAD 
LITHIUM 
MAGNESIUM 
MANGANESE 
MOLYEOENUM 
NICKEL 
PHOSPHORUS 
POTASSIUM 
SELENIUM 
SILVEa 
SOOIUM 
STRONTlUM 
THALUUM 
TIN 
VAtWJIUM 
ZINC 

.. ;OLVED METALS (Corn - .  . 
GEOLOGIC SAMPLE PERCEKT STANDAfiD LAST YEAR'S 

UNIT S E N  D m C L S  MEAN OEVlATlON 99/99 Cm 95195UTb  1000'REC- U N m  

KAR 66 
KAR E3 
KAR 59 
KAR 66 
KAR 62 
KAR E7 
KAR 54 
KAR 65 
KAR 65 
KkR 67 
KAR 64 
KAR 66 
KAR 67 
KAR 67 
KAR 64 
KAR 65 
KAR 4 
KAR 67 
KAR 54 
KAR 59 
KAR 67 
KkR E6 
KAfi E5 
KAR €5 
U R  65 
U R  E7 

78.79 
44.44 
49.15 
86.36 
a 5 8  

100.03 
29.63 
26.15 
27.69 
79.10 
20.31 
81.82 
97.01 
71.64 
53.13 
23.M 

100.03 
09.55 
29.65 
20.01 

100.00 
100.00 
21.43 
L0.m 
C6.M 
63.3 

48.01 
15.3  
2 4 1  

04.18 
1.76 

35.535.02 
160.88 

3.97 
4.17 
33.67 
'1.80 
38.53 

6.0721 6 
9.29 

16.M 
5.81 

174.75 

1.34 
2-69 

323.m 
1.72 

22.07 
6.71 

lo.-% 

zni.ia 

14201 2 1 9  

44.02 
9.17 
1.70 

21.79 
1.33 

23.55279 
179.94 

3.15 
3.83 

35.32 
527  

27.04 
4.061.Ed 

7.24 
27.01 
6.26 
85.65 

1,61229 
1.W 
2 0 1  

294.27 
1.57 

25.20 
7.55 
: 0.29 

112221.56 

18267 
43.37 
7.n 

150.4 
5.80 

106.159.04 
720.59 
13.55 
15.82 

147.06 
17.03 

123.21 

31.31 
99.00 
24.66 

1.235.68 
7.m.46 

10.441.63 

4.70 
9.03 

554.133.75 
1.277.93 

7 . 6  
1m.01 
Z9.91 
'1.59 

229.7 
5125 
5.56 

217.8 

206.806 

2E5.9 

Z21.95 
35.948 
149.0 
60.68 

14.589 

S12?87 
3.2C9.8 

15.s-i 

50.2 

lS.000 
49 

26w.wo 
37.000 

180.000 

5.100.ooo 
1 BO.M)(3 
730.003 

180.ooO 
180.Dx1 

i?,'XA.M)(3 

zrm.300 
2 5 c . m  

i 1 .cco.cc3 

U G A  
UGlL 
UGlL 
UG'L 
UGlL 
UWL 
U G A  
UWL 
UG'L 
UGR 
UGL 
UGfL 
UGk 
UGiZ 
UGi I  
UGiI 
UWL 
UGZ 
UGI'L 
UG4.L 
UG;I 
UG'L 
U G;L 
'J &I 
CGiL 
UG;L 



. .  .. GWM 

UPPER T O L E U K E  LIMlTS BY GEOLOGIC UMT 
GROUNDWATER, TOTAL METALS --. 

GEOLOGIC SAMPLE PERCENT STANDARO LAST YEAR'S c -  

ANALYE I UNIT SIZE N OETECTS MEAN DEVLATlON 99/99 UTL 95I95UTb lW'RBC^ U N m  
1 

ALUMINUM C O L  19 lw.w 74511 789.02 3.816.52 
ANnMONY I C O L  20 3 a W  17.74 9.52 n.z 
ARSENIC 
BARIUM 
CADMIUM 
CALCIUM 
CHROMIUM 
C O P P E R  
IRON 
LEAD 
lJ7HIUM 
MAGNESfUM 
MANGANESE 
MOLYBDENUM 
NICKEL 
POTASSIUM 
SELENIUM 
SILICON 
SODIUM 
STFiONIlUM 
T H A U U M  

JANADIUM 
3 N C  

nrJ 

iLUMINUM 
:NTIMC>P( 
GSENIC 
3 R ; U M  
x L C : U M  
:ESiUM 
:XROMIUM 
:ZEALT 
: ,^PEA 
?ON 
EAD 
ITHlUM 
LAGNESIUM 
14NGANESE 
IOLYSDENUM 
rcm 
OTASSIUM 
IUCON 
ODIUM 
TRONTIUM 
N 
:r;ADIUM 
N C  

C O L  
C 3 L  

C O L  
C O L  
C O L  
C O L  
C 3 L  
COL 
COL 
C O L  
C O L  
C 3 L  
C O L  
C O L  
COL 
COL 
C O L  
C O L  
C Z L  
C3L 
C C L  

I C C L  

20 
20 
20 
20 
18 
20 
19 

20 
20 
M 
20 
18 
M 
18 
12 
20 
20 
20 
20 
20 
20 

ia 

40.00 
85.00 
25.00 
1w.w 
iz=! 
65. W 

lw.w 
38.89 
85.03 
lw.w 
95.53 
40. W 
33.33 
75.00 
66.57 

1w.w 
lw.w 
lW.00 
35.00 
40.00 
75.00 
95.00 

1.93 

1.97 

4.59 
929 

665.11 
228 

117.94 
21.32o.w 

57.46 

7.25 
2013.25 

15.04 

93.87 

99,540.00 

23.88 

8.600.75 
101.010.00 

705.85 
1.63 

35.25 
16.E2 
31.55 

1.m 
66.40 
1.74 

37.654.79 
4.36 

67922 
4.27 

11.81 

86.49 
11.477.51 

126.39 
39.19 
6.31 

1.893.58 
47.1 1 

246231 
68.738.74 

379.49 
1.76 
%.E2 
27.37 
26.14 

8.24 
24.29 

8.64 

21.88 
44.54 

3.308.92 

443.35 
b5.296.75 

541.73 
174.05 
3226 

9.268.62 
a1.61 

M.008.64 
364,38648 
2119.w 

8.43 
167.9 
121.70 
170.01 

19.18 

46.052 

€03.5 

354.m 
-9 

63.512 
28.38 
15.762 

115.185 
1081 

a m  

32m 
2406.6-a 
4,001.5 

146.8 
i l l  

15 .W 
49 

2500.000 
2323-  

18O.W 

5.1w.ooo 
l W . W  
730.000 

l W . W  

i z m . 0 0 0  

22m.005 
260.a?o 

1 t.Mo.Oo0 

U G L  
U G A  
UGl. 
U G I  
UGiL 
U G R  
U G L  
U W L  
U G L  
U Gi'L 
U G R  
U G X  
U G i l  
U G R  
U G A  
U G A  
U G R  
U G A  
U W L  
U U L  
U G I I  
UGfL 
U G I  
U G I  

R FA 
RFA 
RFA 
EFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
AFA 
RFA 
EFA 
RFA 
RFA 
RFA 
RFA 
AFA 
RFA 
RFA 
E FA 
RFA 

50 
€3 
61 
66 
67 
05 
64 
66 
66 
66 
63 
67 
67 
66 
Ea 
66 
63 
37 
67 
64 
Ea 
E6 
67 

93.94 
A256 
27.87 

1w.w 
23.08 
5525 
2121 
I l ~ 7  
58.48 
7t.U 
76.12 
S 5 . 2  
w.91 
3.e2 
ao.91 
76.47 

100.03 
97.01 
78.72 
22.5 
78.79 
98.K 

; a n  

-.. 

2.au.45 
2 1 . a  
207 

55.13 
28.EsQ.23 

150.64 

8.46 
1 2 2 5  

4.ztjto8 
3.64 

17.15 
5.C50.67 
32.09 
24.83 
:3.25 

a 2 1  

1 .sa.46 
19.033.92 
7,797.16 

125.27 
24.01 
74.87 
10.25 

E.C!3.31 
*...SI 

1.78 
3.76 

:7.954.04 
2S2Q 

7.49 
10.20 
13.56 

5.960. 89 
3.0.5 

19.m 
211257 

& * A 9  
40.3 

11.22 
1.190.52 

11.44.15 
1.995.3 
39.M 
%.E5 
il.21 
67.22 

. c  - 

.., 

i 9 .Z .71  
68.68 
7.43 

M7.S2 
93.298.54 

766.81 
3.99 
39.79 
3.48 

15.64 
75.19 

11.475.X 
435.73 
147.60 
47.69 

5.198.84 
56.rn.22 
13.665.12 

244.47 
145.45 
*.si 

2 U . 6 9  

222389.15 

16.C52 

603.5 
97.251 

C2.9 

63.512 
25.3 
3429 
11.567 
loa1 

16.191 
3 2 W  
12460 
289.4 

29.7 
i l l  

. E .-.-- 
'9 

2EW.000 

.-.- 

1m.m 

5.!W.C00 
:80.000 
733.005 

zm.m 
zLm.005 
253.m 

il.MO.Co3 

UG;L 
U G i i  
UGiL 
UGiL 
U G I  
UGiL 
U G A  
U G R  
U G i I  
UG'L 
UGi'L 
U G J I  
UGt'L 
U G i I  
U G A  
U G A  
U G L  
UGi'L 
UGiL 
U G J I  
UGA 
UGiL 
UGiL 

.. Examcia fi6Cs for illuscarion of me ~ p i c a l  range of a iOEr3 G6C. 



STANDARD LASTYEAR'S GEOLOGIC SAMPLE PERCENT 

i 
I 
I 

ALUMINUM 
ANTIMONY 
ARSENIC 
BARIUM 
CADMIUM 
CALCIUM 
CESIUM 
CHROMIUM 
COBALT 
COPPER 
IRON 
LE40 
LITHIUM 
MAGNESIUM 
MANGANESE 
MERCURY 
MOLYBOENUM 
NICKEL 
POTASSIUM 
SEl€NIUM 
SIUC3N 
SOOIUM 
S;TIOaYTIUM 
TiiALLIUM 
TIN 
VANADIUM 
DNC 

i I 
i 

IRON 
w 
LITHIUM 
h4AGNESIUM 
MANGANESE 
MOLYSOENUM 
POTASSIUM 
SELENIUM 
SlUCON 
2001UM 

n i 4 L u U M  
TiN 
VANADIUM 
DNC 

SmOmUM 

*. 

UPPER TOLERANCE LIMITS BY GEOLOGIC UNIT 

43 
41 
41 
43 
43 
43 
40 
42 
43 
43 
43 
40 
a 
43 
43 
43 
43 
43 
43 
42 
23 
4 3  
u 
43 

42 
U 
U 

97.61 
31.71 
31.71 
83.72 
25.58 

100.00 
30.00 
s0.w 
a.93 
81.40 

1W.00 
n.50 
81.40 
97.67 
95.35 
2326 
27.91 
44.19 
81.40 
4 2 8 6  

lW.00 
1w.03 
9 5 , s  
27.5 1 
28.70 
79.07 
i W.53 

2560.55 
16.54 
1.70 

11277 
1.79 

WJ.361.72 
14206 
6.96 
6.73 

lo .u  
273259 

3.39 
225 1 

923.8 
0.12 

10.90 
8.41 

1.785.13 
3.42 

15.631.46 
322929.x) 

374.14 
1.47 

31.E9 
1229 
23.53 

1286524 

3.909.13 
9.86 
1-57 

30.98 
1.78 

30.137.58 
184.65 

8.52 
1248 

4379.64 
3 2 6  

18.95 
6.410.62 

104.18 
0.04 

35.25 
7.05 

913.58 
7.97 

11.7i7.X 
16,184.58 

205.92 
1.59 

tzn 
10.56 

6.89 

"* c -  L-.-O 

14.893.86 
47.64 
6 . S  

210.51 
7.39 

741.90 
28.69 
32.63 
45.80 

13.97 
8229 

33.090.74 
A21.07 
026 

133B 
30.- 

4.667.4 
20.55 

59.1 86.6 1 
E33225 

1 .m5.57 

i s . u s . 7 a  

17.iai.xi 

6.49 
13.65 
L5.52 
110.c3 

46.052 UWL 
OWL 
UGIL 
UWL 
U U L  
UG'L 
UG'L 
UWL 
UWL 
UWL 
UGL 
UGt'L 
U G L  
UG/L 
UG/L 
U G A  
U G R  
UWL 
U W L  
UGiL 
UG'L 
UGZ. 
U G I  
UG'L 
Ucyz. 
U G"L 
UG-L 

M A  
M A  
VFA 
VFA 
VFA 
VFA 
VFA 
VFA 
VFA 
VFA 
VFA 
VFA 
VFA 
VFA 
VFA 
VFA 
VFA 
VFA 
M A  
M A  
VFA 
VFA 
VFA 
VFA 
VFA 
VFA 

15.oOo 
49 

2600.000 
37.000 

603.5 

314.07d 

453.9 

53.512 
28.38 
1m.4 

56.291 
1.081 5.100.000 

11.ooo 
180,000 
730,000 

8.250 
180.W 

32% 
125.609 
2c5 1 

1 VFA 

WCS 
W C S  
WCS 
'NCS 
WCS 
W C S  
WCS 
WCS 
W C S  
WCS 
WCS 
'WCS 
WCS 
WCS 
WCS 
W C S  
W C S  
'Wcs 
W C S  
W C S  
W C S  
W C S  

19 
17 
19 
19 
23 
19 
19 
15 
19 
:9 
19 
19 
19 
19 
18 
10 
;9 
19 
18 
19 
19 
15 

e9.47 
L7.M 
5421 

100.50 
3.50 
36.84 
57.59 
89.47 
73.68 

1m.w 
€8.42 
221 1 
73.68 
50.00 

lw.w 
100.00 
1w.m 
27.78 
31.59 
60.42 
a4.21 

1,226.18 
19.09 

113.17 
53.731.58 

1 06.12 
5.40 
7.15 

1.m.19 
258 
29.12 

37.44 
3 . 4 9  

1.854.95 
9.10 

10.474.00 
27.L!Z.P9 

23.47 
1.95 

25.28 
10.57 
25.91 

11.527.89 

2630.79 
10.3  
S5.m 

i3.27.83 
21 5.25 

4.M 
4.13 

3.22334 
262 

15.54 
3.792-95 

%.-W 
44.45 

"W.67 
19.a 

5.966.37 
9.531.63 

150.51 
1 .% 

929 
17.93 

10 E 6  -.- 

11,566.37 
61.58 

370.27 
106.37.86 

1.013.07 
2 l . S  
i4.03 

14.E2.42 
1289 
91.18 

2 5 . 3  1.7 1 
25928 
m . 4 9  

3.807.76 
84.48 

A 0.7 45.7 0 
E4.659.09 

9i€.Z3 
9.71 

193.25 
46.19 
25.69 

46.E2 U G I  
UG'L 
UG'L 
UGZ. 
UG'L 
UGA  
UG I I  
U G I  
UGI'L 
UG/L 
UGI 
UG'L' 
UG'L 
UGlL 
U W L  
UG'L 
UG'L 
U Gi'L 
UG,L 
U G t  
U G'L 
UG;L 

75.003 
2600.003 603.5 

117.426 
4.9 180.003 

63.512 
28.38 
66.06 
32:73 
1.C81 5.1W.003 

180.ooO 
8.260 

180.003 
32.845 
93.698 
1.163 zLooo.003 

lG.6 
711 
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UPPER TOLERANCE LIMITS BY GEOLOGIC 'LTM;T 

GilOUNDWAiE3, TOTAL M F T U  ( C O W  

ANALYE  

ALUMJNUM 
ANTlMONY 
ARSENIC 
BARIUM 
CALCIUM 
CESIUM 
CHROMIUM 
COPPER 
IRON 
LEA0 
LmflUM 
MAGNESIUM 
MANGANESE 
MEFlCURY 
MOLYROENUM 
NICKEL 
POTASSlUM 
SELENlUM 
SILICON 
SOOlUM 
STROKnUM 
THALLIUM 
TIN 
VANADIUM 
ZlNC 

GEOLOGIC SAMPLE PERCENT STANDARD LASTYV\R'S 
UNtT S E E  N DFECTS MEAN DNlATlON 99/99 Lm 9 5 1 9 5 W  1COO'RBC UNiTS 

KAR 
KAR 
KAR 
KAR 
KAR 
KAR 
KAR 
KAR 
KAR 
KAR 
KAR 
KAR 
KAR 
KAR 
KAR 
KAR 
KAR 
KAR 
KAR 
KAR 
U R  
WIR 
U R  
WIR 
KAR 

37 
35 
2s 
36 
37 
35 
36 
36 
37 
3.5 
37 
37 
37 
37 
36 
35 
37 
36 
M 
37 
37 
36 
37 
36 
36 

91.89 
31.43 
54.29 
06.11 
1CQ.CU 
25.71 
38.89 
61.11 
94.53 
61.11 
86.49 
94.59 
86.49 
27.03 
47.22 
34.29 
89.19 
33.33 

1oO.W 
1w.w 

27.79 
23.73 
63.U 
97.22 

97.30 

1.791.87 
15.62 
276 

113.95 
26.33243 

131.59 
5.25 

11.99 
229.92 

40.69 
6.679.46 
61.87 
0.13 

8.70 

1.19 

3.82 

18.9 

2846.38 

9.427.50 
139.225.38 

299.78 
1.40 

27.46 
10.63 
5245 

2n3.43 
10.40 
202 
51.97 

23.551.47 
175.16 
4.61 
21.82 

3,697.44 
4.29 

29.29 
5.c50.81 

125.21 
0.05 
33.45 
7.25 

1.725.69 
0.63 

6.W 7.1 2 
134.a.23 

31258 
1.50 

31.78 
11.25 
51.31 

10.937.17 
5028  
9.51 

23627 

715.62 
20.54 
84.34 

14.43211 
18-05 
137.26 

23.268.40 
474.75 
028 

129.43 
3289 

327 

115.13O.7g 

8 . S . n  

34.835.00 
58242216 
1,430.50 

6.36 
130.28 
47.75 
z!% 

46.052 

154,031 

63.512 
28.38 
271.8 

26.784 
1081 

13.625 

1.751.482 
1.042 

27,oE 
717 

15.000 
A9 

2600.000 

180.000 

5.100.000 
11.000 
18O.oOO 
730.000 

180,000 

;2003.ooo 

z L ~ . o o o  
i55.ooo 
1:.cQO.c%0 

UGR 
U G n  
U G R  
UGR 
UGIL 
UGi'L 
U W L  
UWL 
U G A  
U G L  
U G A  
UGiL 
U G I  
UGZ 
U G A  
UGR 
U G I  
UGZ 
U G R  
UGIZ 
U G;L 
u %iL 
U W L  
UGI'" 
L'G;L 



I .  

UPPER TOLERANCE LlMlTs BY GEOLOGIC UMT 
GROUNDWATER, DISSOLVED RADIONUCUDES 

GEOLOGIC SAMPLE PEACENT SiAHDARD LAST YEEARS 
ANALYTE UNIT SI2E.N Df3ECTS MEAN 

I 
CESIUM137 
GROSS ALPHA 
GROSS BETA 

STRONTIUM-59.90 

URANIUM233.234 
URANIUM-235 
URANIUM-238 

RADIUM-P6 

mmuM 

COL 
COL 
COL 
COL 
COL 
COL 
C3L 
COL 
COL 

2 
30 
27 
15 
23 
31 
30 
30 
24 

100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 

0.36 
41.31 
17.51 
0.21 
0.25 

76.12 
31.82 
0.86 

26.70 

0.42 
78.79 
29.87 
0.10 
0.24 

109.42 
56.44 
1.39 

4213 

7873 
31285  
123.04 
0.64 
1.13 

450.48 
226.34 
5.63 

180.03 

295.23 
1- 
1.M 
0.97 

203.84 
204.43 
5.07 

143.66 

1.703 pCJL 
P a  
p c i  

400 p C A  
1.400 p c u 1  
880.000 pcin 
3.000 pcvL 
3.000 p c i  
3.000 p c i  

CESIUM-137 
GROSS ALPHA 
GROSS BEiA 
R A D I U M - P 6  
RADIUM-P8 
STRONTIUMB9.90 

URANIUU233.234 
URANIUM235 

mmuM 

UWNIUM-23 

CESIUM-137 
GRCSS ALP% 
GROSS BETA 
PAOIUM-225 
moiuM-228 

3 m u M  
STiiONTlUMb9.90 

URANIUM-233.234 
URANIUM-255 
U RAN I U M-23-3 

CESIUM-137 
GROSS ALPHA 
GROSS BETA 
RADIUM-26 
S T Z O N T I U M - ~ ~ X I  
n m U M  
UFMNlUM233.234 
URANIUM-235 
URANIUM-238 

CESIUM-137 
GROSS ALPHA 
G R W  BETA 
RADIUM-225 
STilOKnUM-89.90 
m n U M  
URANIUM-233.234 
URANIUIA-235 
URANIUM-233 

RFA 
RFA 
RFA 
RFA 
RFA 
A FA 
RFA 
RFA 
RFA 
RFA 

15 
82 
76 
2 
2 

81 
63 
78 
78 
E9 

100.00 
100.00 
100.00 
100.00 
100.00 . 
100.00 
1 00.00 
100.00 
100.00 
100.00 

0.27 
0.59 
1.66 
0.17 
220 
0 2 7  

163.03 
0 2 3  
0.03 
0.14 

0.29 
0.80 
1.52 
0.04 
0.42 
023 

223.01 
021 
0.07 
0.14 

1.48 
3.m 
6.28 
7.91 

80.95 
0.98 

84120 
0.88 
023 
O S  

1.700 
1.96 
4.47 

400 
480 

0.60 1.403 
252 88o.m 
0.72 3.000 
0.17 3.000 
0.48 3.000 

VFA 17 100.00 0.58 0.71 3 . u  1.7W pCJi 
VFA EO 100.00 2 9 3  3.17 1294 65.m pCiiL 
VFA 3 100.00 3.20 1.69 2.54 2 5 . 7  pCiil. 
VFA 23 i00.03 0.21 0.i 1 0.81 1.58 a2 pG1-L 
VFA 4 100.00 208 0.62 9.75 G 3  FC>Z 
VFA 5.3 100.co 0.49 0.38 1 .63  1.15 1 . a  pC;iL 
VFA :2 100.00 115.00 137.64 549.26 297-17 630,000 pCiil. 
VFA 65 100.00 2 0 5  2TI 1o.m 10.47 3.000 p C M  
VFA M) 100.00 0.08 0.12 0.47 0.43 S.Oo0 P W  
VFA 49 100.00 1.56 232 8.92 8.14 3.000 P a  

WCS 4 100.00 0.32 0 . x  2 9 6  1.7W p c i  
WCS 41 100.00 7.70 5.95 25.47 2231 P a  
WCS J 100.00 4.85 3.22 15.41 10.33 PCYL 
wcs . 6 100.00 0.32 0.C6 0.78 1.58 a00 F W  
'41 CS 17 100.00 0.24 0.24 1.21 0.91 1 ,a p C A  
WCS 29 :w.cu -23.42 118.54 368.30 274.14 g80.000 p c i  
WCS 33 100.00 8 . 9  21.06 7.73 15.18 3.000 p c i  
WCS 39 100.00 0 2 0  0.51 1.88  0.38 3.030 P a  
WCS 35 100.00 3.54 3.19 14.17 10.3 3 . m  P a  

KAR 
f f i R  

U R  
U R  
f f i R  
U R  
e a  
e a  

100.00 
i00.w 
i 00.03 
100.00 
100.00 
1M.00 
'r 00.m 
100.00 
100.cs 

0.2 
S.13 
3.23 
1.72 
0.47 
53.68 
1.64 
0.W 
0 . n  

0.23 
6.24 
2% 
1.i8 
1.:9 

135.44 
2 s  
0.05 
i . 3  

3.92 
27-81 
: 2 ? 9  

3 1 . 7 5  
d.21 

435.7 

10.53 
0 2 3  
5.53 

:9.9 
10.69 
1.88 
0.91 
LY.a4 

9.06 
0.18 
4.76 



WPER TOLERANCE LOVLITS BY GEOLOGIC UNlT 

' A N A L Y E  

AMER~CIUM241 
CESIUM137 
GROSSALPHA 
GROSS BETA 
PLUTONIUM-239.240 
STRONllUM-89.40 

URANIUM-233234 
URANIUM-235 
UR4NIUM-238 

mmuM 

AMERlCIUM-24i 

GROSS ALPHA 
GROSS EETA 
PLUTONIUM-238 
PLUTONIUM-239.240 
STRONTIUM-89.90 

URANIUM-233,234 
U RAN IU M-235 
URANIUM-238 

CESIUM-1 37 

mmw 

AMERICIUM-241 
CESIUM-137 
GAOSS ALPFA 
G R O S S  BETA 
PLUTONIUM-238 
PLUTONlUM-2J9.SCO 
STnONrIUM-59.% 

URANIUM-233.234 
URANIUM-235 
URANIUM-238 

mmuM 

4L RADIONUCUDES 

LASTYEAR'S GEOLOGIC SAMPLE PERCENT STANDARD 
UNIT S E N  D€l€CTS MEAN DEVlATlON UT. 99/99 9 5 l 9 5 W  1000'RBC UNITS 

COL 
C3C 
COL 
COL 
COL 
COL 
COL 
COL 
COL 
COL 

25 
23 
6 
6 

26 
7 

17 
8 
8 
6 

100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 

0.00 
0.18 

153.35 
81.55 
0.01 
0.26 

201.15 
55.74 
214 
36.04 

0.00 
0.35 

14275 
0525 
0.01 
0.11 

193.39 
66.80 
2.39 
46.48 

0.01 
1.49 

1.197.38 
706.79 
0.54 
0.95 

981.82 
446.99 
16.03 

376.92 

0.c32 
0.70 

314.5 
191.6 
0.028 
0.84 
937 
3x1 
10.94 
294 

X X )  

1.700 

210 
1,400 

88o.ooo 
3.000 
3.ooo 
3.000 

P a  
p c i i  
p a l  
p C i  

P m  
pc i n  

P a  
p c i i  
p C i  
P C i  

RFA a2 100.00 0.01 0.01 0.03 0 . U  200 p c a  
RFA 75 100.00 0.08 0.33 1.09 0.70 1.700 p c i  
RFA 5 100.00 1.69 1 2 8  13.30 314.5 p C i  
RFA 5 100.00 225 1.48 15.G 191.6 P a  
RFA 7 100.00 0.00 0.00 0.01 O.@B P a  
RFA as 100.00 0.00 0.00 0.07 0.028 210 p C i  
RFA 13 100.00 0.11 021 1.04 0.081 1.400 p a  
RFA 21 100.00 226.72 37.18 1,38523 936 880.000 p a  
RFA 12 100.00 0.48 0.45 253 1.72 3.000 p c n  

RFA 11 100.00 0.40 0.50 253 1 . S  3 . m  p C A  
RFA 12 100.00 0.12 0.20 1.05 0 9  3.000 FCL'L 

VFA 56 : 30.00 0.01 0.01 0.05 0.032 2 m  pC7L 
VFA 4.4 1w.w 0.10 0.3 !."A 0.iD 1,xo : C"1 
VFA 7 lw .w  ?.E6 2c6 ? 6.64 314 ;C'L 
VFA 7 100.00 4.54 2x3 z!% 199 pC;ll 
VFA 6 100.00 0.01 0.01 0.09 0228 p C i n  
VFA 62 1oo.w 0.01 0.04 0.12 0.028 210 2 C i n  
VFA 8 100.00 0.43 0.37 256 0.84 1.4w P C U l  

VFA 27 100.w 14298 lEO.32 773.57 93.6 88o.w F C i  
VFA 7 100.w 1.58 1.N 6.01 156.3 2.w pC"1 

VFA 2 100.00 I .:3 120 Z2.18 91.38 3 . m  pCu1 
VFA 7 lw .w  0.10 0.10 0.75 7 . S  3 . w  FC;& 

Examore R G C r  for illusranon of h e  tpid rangeof a l0E13 RBC. 
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UPPER TOLERANCE LIMITS BY GEOLOGIC UNIT 
GROUNDWATER, TOTAL RADIONUCUDES CONT I  I====- 

I 
ANALME 

AMERICIUM-241 
CESIUM-137 
GROSSALPHA 
GROSS BETA 
PLUTONIUM-239.240 
R4OIUM-226 
STRomUM-89.90 

URANIUMZ33.234 
URANIUM235 
URANIUM-238 

m m u M  

AhtERIc:uM.24i 
CESIUM137 
GROSSALPHA 
GRCsS BETA 
PLUTONIUM-238 
PLUTONIUM239.240 
R9DIUM-Z6 
3TilOKnUM49,W 

URANIUM-233.234 
URANIUM-225 
URANIUM-238 

mmuM 

GEOLOGIC SAMPLE PERCENT STANDARD LASTYEAR'S 
UNIT S r D N  OETECTS MEAN OMATION UTL 99 199 95195UTb 1003'RBC UNrrS 

WCS 20 1w.00 0.01 0.01 0.07 0.032 200 P a  

WCS 5 100.00 1 x 3  1246 124.04 314 P a  

WCS 21 100.00 0.00 0.00 0.02 0.028 210 p C i  
WCS a 100.00 0.36 0.15 2 1 9  4 0 0  p C i  
WCS 4 100.00 0.05 0.26 3.25 0.84 1.400 p c i  
WCS 19 100.00 2128.76 0.937.88 936.7 880,000 p a  
WCS 8 100.00 7.49 6.30 44.13 27.6 3.000 pcuL 
WCS 8 100.00 028 0.25 1.81 1.34 3,033 pcin 
WCS 3 100.00 5.11 4.96 123.65 91.98 3.000 p c i  

WCS 14 100.00 0.28 0.36 1.86 0.71 1.700 pCiA 

WCS 5 100.00 a 2 7  , 5.11 53.95 191.6 pcvl. 

36.918.91 

KAR 
KAR 
KAR 
KAR 
KAR 
KAR 
KAR 

KAR 
KAR 

ma 

=a 
=a 

43 
39 
6 
6 
5 

48 
3 
4 

16 
4 
4 

2 

100.00 
100.00 
100.00 
1D3.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
1co.00 
;oo.oo 

0.01 
0.00 
11.m 
1201 
0.01 
0.00 
0.59 
0.10 

6293 
0.77 
0.W 
0 . 5  

0.M 
0.29 
16.W 
13.45 
0.01 
0.01 
0.45 
0.26 

367.23 
027 

0.25 
022 

0.07 
0.96 

124.08 
110.67 
0.14 
0.02 
11.30 
3.3, 

1 377. 1 0 
7.79 
0.27 

L&i3  

0.032 
0.48 
310 

191.6 
0.028 
0.028 

0.84 
936 
3.68 

.91.se 

200 P m  
1.7w p m  

p C i  
P a  
P m  

21 0 P a  
400 p C i  
1.400 pCJL 
EB0.000 p C A  
3.000 p G L  
3 . m  p c a  
2 . m  $iiI 



UPPER TOLERANCE LIMTTS BY GEOLOGIC UNIT i 
GEOLOGIC SAMPLE PEilCEM STANOARO LASTMAR'S 

A N A L m  I UNiT SIZE N DETECTS MEAN DEVlATlON 99/99 Im 9 5 1 9 5 m  lOOO*RBC .. U N m  
h I I 

1 

I 

I ' 
1 

I 

i 
I 

ALUMINUM 
ARSENIC 
BARIUM 
EERYUIUM 
CXOMIUM 
CALCIUM 
CESIUM 
CHROMIUM 
COBALT 
COPPER 
IRON 
LE40 
LITHIUM 
MAGNESIUM 
MANGANESE 
MERCURY 
NICKEL 
POTASSlUM 
SELENIUM 
SILVER 

VANAD I U M 

CESIUM 
CHROMIUM 
COeALT 
COPPER 
IEON 
LEAD 
m I U M  
hL4GNESiL'I.i 
MAN(i4NiSE 
MEiiCURl 
NICKEL 
POTASSIUM 
SILVER 
STRONTIUM 
VANAOIUM 
ZJNC 

COL 
COL 
CDL 

CCL 
C3L 
COL 
COL 
COL 
C3L 
coc 
cot 
COL 
COL 
COL 
CGL 
COL 
coc 
C3L 
COL 
C3L 
CCL 
C3L 
CCL 

cac 

28 
28 
28 
28 
26 
28 
24 
28 
28 
28 
23 
28 
28 
28 
28 
27 
28 
28 
27 
19 
28 
23 
20 
20 

103.00 
85.71 

100.00 
96.43 
57.69 

100.00 
75.00 

103.00 
25.00 
96.43 

100.00 
100.00 
28.57 
78.57 

100.00 
2222 
9286 
35.71 
p22 
4 2 1  1 
85.71 
25.09 

100.00 
100.00 

10.54 1.43 
3.57 

13320 
5.47 
0.86 

9.08214 
20624 
13.79 
6.11 
14.67 

75.020.07 
1623 
8.52 

2987.32 
191.67 
0.16 
16.97 

979.61 
0.E 
5.E 
55.M 
67.36 
50.31 
56.13 

4.945.95 
1.74 

94.05 
5.47 
0.42 

6,369.14 
56.88 
5.86 

5.68 
6.715.26 

4.62 
7.56 

l."57.90 
1w.2s 
o n  
828 

721.36 
0.65 
9.45 

27.04 
147.5 1 
1223 
21.52 

3.87 

27.861.88 
9.65 

46257 
24.62 
235 

31.586.50 
413.26 
34.31 
19.66 
33.87 

3.544.51 
3240 
34.99 

8,513.05 
73.10 
0.88 

45.57 
3.505.78 

3.15 

150.63 
630.37 
73.15 
13267 

4268 

23.303 
121 
438 
18.1 

23.236 

4 2 3  

323 
33.287 
3.0 
18.5 

7.373 
6.53 

41.9 
3.725 

131 

74.3 
111 

350 
9.100.003 

153 
45.m 

6 . a  

lo.ooo.m 
Bo.Co0 

5.400.003 

M W G  
MGlKG 
MGMG 
MGMG 
M W G  
MGlKG 
MGMG 
MWG 
MG/KG 
M G'KG 
MGiXG 
MGKG 
MGMG 
MGlKG 
MG/KG 
M W G  
M W G  
MGKG 
MGXG 
M W G  
MWKG 
MGXG 
MGiKG 
MGXG 

X A  
8FA 
AFA 
RFA 
fiFA 

RFA 
fiFA 
RFA 
8FA 
E FA 
P.FA 
AFA 
fi FA 
RFA 
8FA 
RFA 
RFA 
fiFA 
GFA 
A FA 
fiFA 

ai,: 

E2 
E2 
E2 
62 
46 

62 
62 
62 
62 
62 
62 
62 
62 
62 
62 
54 
59 
61 
fs 
E2 
62 
61 

;m.c3 
622.3 
Z.87 
E7. : 0 
47.63 
8225 
75.81 
lw.m 
35.46 

87.10 
1w.m 
1OO.w 
59.68 
58.s 

lw.w 
4259 
89.14 
27.67 
3.91 
30.E5 
85.77 
53.44 

l2.5i5.5 
2.15 

M . C 6  

4/55 
0. M 

6.676.41 
242.09 
2208 
6.76 
11.m 

14.37.10 
9.05 
14 .3  

2482:s 
zL15.92 
0% 
23.35 

1.545.33 
2 48 
77.s3 
322w 
29.57 

13.557.25 
5.70 

103.14 
2.66 
0.48 

19.w.15 
237.12 
3 .15  
i3.16 
15.9 

16.:2F.i9 
7.07 
:2=3 

'.CS3.i8 
417.44 
0.80 

25.45 
3.c36.93 

555 
E7.W 
3 4 s  
6 1.25 

55.c97.56 
21.a  

28-8.57 
7 8 , s  
216 

67.co251 
1.26723 

1 7 3 . 7  
4 7 9  
53.10 

b3.j5e.E7 
30.51 
53.41 

lC.S31.58 
1.525.25 

261 
103.a 

10.780.63 
19.93 
34255 
1 3 . 3  

21 6.23 

46.530 
121 
259 
:8.1 

16.826 

78.9 
76.2 
30 

33.287 
24.5 
:6.5 

7 .  €03 
643 

i22 
3.725 

n. 1 
142 

5 . m  

!.iG;KG 
MGiKG 
!AG;KG 
MG;KG 
MG,'KG 
MGXG 
MG/KG 
MGKG 
MGd'KG 
MGXG 
MGiKG 
MG/KG 
MGi'KG 
hiGiKG 
MGXG 
MGXG 
MWKS 
MGiXG 
MGXG 
MGiKG 
MGKG 
MG;KG 

LL I 
Example fiGC5 for ~IIusrmon of tCie tvpicai ranged a 10E-3 fisc. 
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' GEOLOGIC MAEFll 

ANALYE 

ALUMINUM 
A R S M I C  
BARIUM 
BER(LUUM 
CADMIUM 
CALCIUM 
C E S l U M  
CHROMIUM 
C O P P E R  
IRON 
LE4D 
MAGNESIUM 
MANGANESE 
NICKEL 
SELENIUM 
SILVER 
TIN 
VANADIUM 
ZINC 

'. e .  

UPPER TOLERANCE LTMITS BY GEOLOGIC UNIT 

ALUMINUM 
A R S E N I C  
GARIUM 
SE.=MUIUM 
CAOM IUM 
CXLC:UM 
CESIUM 
CHROMIUM 
COBALT 
C D P P E 3  
IRON 
L E 4 0  
LITHIUM 
MAGNESiUM 
MANGAN E+ E 
M E R C U R Y  
NICKEL 
SELENIUM 
SiLVER 
S7RONTUM 
VANAO I U M 
ZINC 

S, TOTAL METALS ( C O W  

GEOLOGIC S A M P L E  PEACENT STANOARD LASTYEAR'S 
UNIT SIZE N OETECTS MEAN o m n w  99\99 m 95195UTb ~ O - R B C  .. U N ~  

WCS 
WCS 
WCS 
WCS 
WCS 
WCS 
WCS 
WCS 
WCS 
WCS 
WCS 
WCS 
WCS 
WCS 
WCS  
WCS 
WCS 
WCS 
WCS 

8 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 

1w.w 
77.70 
88.09 

1w.w 
zzz! 
66.67 

1w.w 
1w.w 
1w.w 
1mw 
lw.w 
55.56 
1 w.w 
1oo.w 
66.67 

lw.w 
1 w.w 
lw.w 
1w.m 

14.18125 
294 
64.81 
3.57 
0.63 

2213.35 
214.89 
20.70 
1214 

14.262.22 
6 .a  

2C22.69 

15.31 
1.95 
2 4 s  

31.42 
23.62 

171.68 

278.00 

5.02323 
1 . 5  
26.27 
1.09 
0.27 

1.255.05 
599 
5.93 
5.91 

3.15 
1.253.36 
99.17 

1.25 
6.94 
65.04 
11.01 
8.30 

4.m.80 

6.87 

43,37523 
1127 
206.40 
9.45 
206 

9.520.93 
247.16 
5265 
4.339 

36.1 7.70 
23.66 

706.30 
5231 
0.71 
61.66 
628.52 
90.76 

8.788.12 

68.54 

23.303 
121 
w 
18.1 

43.ooo 

326 
55.7 
3.287 
69.3 
7.373 
MJ 
41.9 

74.3 
171 

6.800 

MWKG 
MWKG 
MGKG 
MOKG 
MGKG 
MGlKG 
MWKG 
M W G  
M W G  
MGiKG 
MGlKG 
MWKG 
MGUG 
MGiKG 
MGKG 
MGlKG 
M W G  
MGKG 
MGKG 

21 
21 
21 
21 
19 
21 
16 
21 
21 
20 
20 
21 
21 
21 
21 
21 
19 
19 
16 
El 
20 
21 

lw.w 
66.67 
95.24 
1w.m 

100.00 
93.75 

1 c0.w 
23.01 

100.00 
lw.w 
lw.w 
20.57 
66.67 
103.00 
33.33 
84.21 
31.58 
21w 
90.48 
w. W 

100.03 

n.89 

7.48260 
3.72 

09.43 
3.15 
0 . a  

5. di7.14 

223.62 
8.91 
6.74 
15.76 

12SG125 
18.51 
7.17 

2055.71 
171.90 
0.23 
10.73 
O S  
3.72 
E9.55 
20.70 
6024 

2581.20 
125 , 

55.10 
3.16 
0.37 

: .53:.70 
3:25 
298 
I .LO 
5.93 

0.753.38 
6.19 
0.59 

1.2:3.U 
1e3.74 
0.24 
13.29 
1.01 
E.22 

jo._CS 

1922 

..n 

8.76 

17,608.63 
16.05 
307.51 
i 5 2 9  
223 

,~.395.C6 
25255 

33.s4 

46.5MZ2 
'229 
3.64 

6.w6.37 
065.E2 
1.13 

7 0 9  
4.85 
z.37 
166.40 
3 . 2 5  
132.52 

.3 

a . : a  

38.49 

23.111 
121 
3 4  
i E . 1 .  

7 2.7'3 

47.8 
3.237 
429 
:8.5 
7.373 
6 u  

722 

31 4 
74.3  
175 

360 
9.103.003 

:55 
C , C i S  

6.800 

MGiKG 
MGi'KG 
MG;KG 
MGIXG 
MGTKG 
MGiKG 
MGXG 
MGiKG 
MGXG 
MGKG 
MGiXG 
MGKG 
MWKG 
MGr'KG 
MGiKG 
MGiKG 
MGiXG 
MGiXG 
MGiKG 
MGXG 
MG'KG 
MGKG 

Grampie R6Cs for i l lusm~ion of tSe typ id  rangeof a 10Ei3 R6C. 
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UPPER TOLERANCE LIMITS BY GEOLOGIC UMT 

AMERIC!UM-24 1 
CESIUM-137 
GROSS ALPHA 
GROSS BETA 
PLUTONIUM-239,240 
RA01UMP6 
RADIUM-Z28 
STilONTlUM-89.90 

UFANIUM. TOTAL 
m m u M  

URANIUMQS3.ZJ 
URANIUM-235 
UGANIUM-238 

CESIUWi37 
GROSS ALPFA 
GROSS aFiA 
PLUTONIUM-239.240 
PADIUM-225 
RADIUM-228 
s ~ a m u M - s 9 . %  

URANIUM. TOTAL 
UWNIUM-23.234 
URANlUM-2S 
UaANIUM238 

n m u u  

1 7  

1 GEOLOGIC MATER1 

ANALYE  

CESIUM-137 
GROSS ALPHA 
GROSS BETA 
PLUlONlUM239.2d0 
RAOIUMP6 
R40IUM.P8 
SfRONnUM-B9.90 
m m u M  
URANIUM. TOTAL 
URANIUh4233.234 
U RANI U M-235 
URANIUh4-238 

S. TOTAL RADIONUCLIDES 

SAMPLE PERCENT STUOARD LPST YEAR‘S 
GEOLOGY SIZE N DmCE MEAN DEVIATION UTL 99/99 9 5 / 9 5 W  4003.REC A UNITS 

COL 28 100.00 aoi 0.04 0.17 0.08 27.000 p w g  
31.95 8.90 65.10 51.3 Pulg 
27.00 3.52 S.32 35.1  PCiO 

COL 28 100.00 0.01 0.01 0.03 0.017 1.900 pciig 
COL 21 100.00 1.07 0.18 127  1.50 1.900 pcvg 
COL 21 100.00 1.57 0.29 265 226 7.500 pciig 
COL 28 100.00 4.07 0.36 1.24 0.64 23.000 p u g  

1.86 0.73 4.41 P C b  
COL 28 100.00 1.14 1.58 6.66 1.75 5.200 pCilg 

0.54 0.06 024 0.11 140 PC‘JS 
COL 28 1w.00 0.94 0 . 3  215 1.68 

COL 28 100.00 
COL 28 100.00 

COL 28 100.00 6214 106.16 433.90 303 14.000,000 pCig 
C3L 28 100.00 

COL 28 100.00 
5.800 pCiCg 

RFA 
fiFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
RFA 
fiFA 
:FA 

28 
62 
E2 
62 
62 
a 

62 
62 
62 
62 
E2 
62 

58 

100.00 
1co.03 
103.00 
1 00.03 
100.00 
100.00 
100.w 
100.03 
lW.00 
100.00 
100.00 
100.00 
1w.00 

4.00 
0.01 
iZ-2 
24.10 
0.00 
0.63 
1.34 
0.03 

17293 
1.29 
0.W 
0.01 
0. M 

0.01 
0.01 
8.18 
6.75 
0.01 
0.10 
0.31 
0.25 

: z5a  
0.81 
0.46 
0.m 
0.3 

0.02 0.013 
0.14 0.08 
41.21 37.8 
44.62 36.9 
0.M 0.017 
0.96 0 . a  
2 32 1.97 
1.09 0.64 

%.W 41 1 
3.76 
20: 1.49 

1.79 1.Z6 
0.11 o.oa ’ 

- ~ 

1.500 pciig 
n.coo pciig 

P W  

1.900 pciig 
1.933 pciig 
7.500 p a g  

pCJg 

23.coO pCYg 
14.003.OW pCilg 

2.LW sGiS 

5.m ?tiis 

pcig 

:r3 ;c:g 

WCS 
WCS 
WCS 
WCS 
WCS 
“cs 
WCS 
W C S  
W C S  
WCS 
WCS 
W W  

9 
9 
9 
9 
4 
4 

9 
9 
9 
9 
9 
9 

1W.W 
153.00 
100.00 
100.03 
100.03 
100.00 
100.00 
103.00 
100.00 
lw.w 
100.00 
100.00 

~ ~~ 

0.01 
20.m 
21.89 
0.01 
0 .a  
1.42 
0.17 

:74.44 
1.35 
0 . a  
0.M 
0.73 

0.u 

2 . s  
0.01 
0.15 
0.29 
0.U 

114.47 
0.21 
0.12 
0.07 
0.12 

5,Ea 
0.19 
$259 
51.70 
0.07 
253 
4.58 
256 

.791.X 
2s 
1.25 
0.3 
:.39 

0.08 
55.2 
34.6 
0.017 
1.70 
2:9 
0.M 
M 9  

220 
0.44 
1.94 

27.000 

1.933 
1,933 
I .-00 

23.000 
14.000.000 

2.293 
1 4  

5 . m  

-.E 

__ 

21 
21 
21 
21 
14 
14 

21 
21 
21 
21 
21 
21 

100.00 
1w.00 
lw.w 
103.00 
100.03 
1cO.W 
100.00 
1w.w 
1W.W 
100.00 
100.00 
1W.W 

0.00 
z9.98 
25.76 
0.00 
1.B 
1.29 

-3.1 1 
E5.S 
l.-% 
0.W 
0.04 
@.sa 

0.00 
8.42 
3 . s  
0.01 
0.:2 
0.:9 
0 . 3  
12259 
0.64 
0.39 
0.- 
3.25 

0.00 
61.78 
6029 
0.03 
1.63 
214 
1.24 

529.22 
4 .40  

2 4 2  
0.3 
:.s2 

0.08 
55.1 
34.6 
0.077 
1.40 
1.eo 
O.EC 

JW 

1.86 
0.10 
, . - l  . =  
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DRINKING WATER STANDARDS (EPA, 19'76) 

ALUMINUM * 
ARSU\IIC 
BARIUM 
CADMIUM ' 
CHROMIUM 
COPPE.? 
LEAD 
MANGANESE * 
MEilCllRY 
SELENIUM 
SILVER 
ZINC 

RADIUM-228 
GROSS ALPHA 

.. 50 
50 

1000 
10 
50 
loo0 
50 
50 
2 
10 
50 

5000 

5 
15 

UGR 
UCn 
UGR 
UGiL 
UG/L 
UGR 
UGR 
U G h  
UGR 
UGL 
UGR 
U G/L 

p c i i  
pCiL 

(Lead now hzs a lower DWS; rnzybe 5 ppb) 
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